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ABSTRACT

A digital twin is quickly becoming a necessary component of manufacturing. When combined with
Internet of Things (IoT) technology, it is possible to fulfil Industry 4.0's requirement for a digital
transformation to create a smart factory. Many IoT devices, such as sensors, detect physical phenomena
in their environments, collect data, and communicate. Digital twins that mimic the features and
capabilities of real physical IoT devices can also be realized. Digitalization using digital twin requires
not only IoT sensors but also software tools for virtualization. However, there are limited number of
practical applications for the digitalization of large and complex systems. In this work, a smart factory
model is used to develop its digital twin. Because the simulation software of industrial automation
system manufacturers is licensed and different systems are incompatible with each other for digital twin,
CoppeliaSim digital twin software, which is open source and can work independently of the industrial
automation system model, was used in this study. The corresponding physical sensor data is transferred
to CoppeliaSim in real time. Moreover, three scenarios were realized by achieving bilateral data
transmission and control between the physical and digital twin models. Instant status monitoring
presents the performance of digital twinning. While most of the digital twin studies in the literature are
carried out either by transferring data only from the virtual system to the physical system or only from
the physical system to the virtual system, in this study, simultaneous data exchange was implemented
between the real and virtual systems.

Keywords: Digital Twin, Internet of Things, Smart Factory, Industry 4.0, CoppeliaSim.

1. INTRODUCTION increasingly digital. IoT connects physical
The quality of life and the advantages that items to the Internet so that they may be
technological developments offer to the human managed remotely, making production
beings are seen through the revolutions in processes smarter and more efficient [2-3]. IoT
industry. The most recent stage of the industrial technology converts data taken from the
revolution, known as "Industry 4.0," is centred physical world into a digital form with
on deploying cutting-edge technologies to developed sensors. The transfer of those data to
digitalise production processes [1-2]. The the virtual environment ensures the
traditional manpower-based factories continue digitalization and named as "digital twinning"
to be replaced by smart factories or smart of the physical world [4]. Using digital twin
working environments that are digitalized and technology, a synchronized virtual
therefore they are able to reduce the unskilled representation of a real-world object is created
manpower. The ever-increasing production and in a digital environment [1, 4-5]. The object
efficiency requirements with reduced costs is a transferred to the virtual environment is a real-
reality that every manufacturing company time measured data. In this way, it is possible to
demands. The Internet of Things (IoT) has made easily and effectively monitor and analyze the
it possible for Industry 4.0 to become performance of the physical object in the digital
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environment [6]. The digital twin is widely
applied in various industry sectors, including
agriculture, electricity generation, healthcare,
and smart factory environments [7]. Because it
enables free design testing and early problem
discovery, a digital twin is the recommended
technology  for  enhancing  production
integration and quality [8].

While the digital twin embraces big industry
manufacturing processes, there are also small-
scale system models mentioned in the literature.
For example, Park et al. [9] studied about
reinforcement learning and the realization of a
digital twin of the micro smart factory model. In
[10], a digital twin of a real-life painting robot
arm is created using the CoppeliaSim
simulation software [11]. In [12], another digital
twin study carried out in the Gazebo simulation
software is related to the localization of the
robot [13]. It was also shown that digital twin
technology was used in the Gazebo simulation
software of an autonomous mobile robots [14].
In the study of Al-Geddawy et al. [15], a digital
twin of a low-cost system was realized in a
different simulation environment called
RoboDK [16]. Similarly, the UR3 robot arm is
observed, whose digital twin was realized in
CoppeliaSim [17].

As mentioned above, digital twin studies in the
literature have increased recently and mostly
simulation studies of small-scale systems such
as robot arms or one-way control from the
simulation to the real system have been
provided. The aim of this paper is to raise
awareness about the creation of a digital twin of
a large-scale factory model while maintaining
bidirectional control between physical and
simulation systems. Thus, the remaining of this
paper is organized as follows: Section 2
explains the working system of the smart
factory and its creation in the simulation
software. Section 3 shows the communication
method between the software and the smart
factory. Section 4 presents the experimental
studies and results. Section 5 briefly evaluates
and discusses the study with the results. Finally,
the paper terminates with discussions and future
works in Conclusion section.

317

2. PHYSICAL AND DIGITAL TWIN
MODELS OF THE SMART FACTORY
Computer-aided design (CAD) and simulation
programs are needed to create a smart
production system and to realize a digital twin
of this system based on real data. There are
many designs and simulation software
developed to build a digital twin of the real
system in virtual environments. CAD modeling
software (e.g., SolidWorks [18], AutoCAD
[19], SketchUp [20]) is consulted to create an
exact replica of the designs of physical objects
in the real world and the designs in the virtual
environment [21]. Those environments are
generally CoppeliaSim, Matlab [22], Gazebo,
RoboDK. In this study, SolidWorks having the
most common library, is preferred as the CAD
program. The distributed control architecture of
the open-source CoppeliaSim robotic simulator
software (formerly known as V-REP) is built on
an integrated development environment. Each
object/model in CoppeliaSim can Dbe
independently controlled using an API
(Application Programming Interface) client, a
plug-in, and an embedded script. CoppeliaSim's
versatility and suitability for multi-robot
applications stem from these properties. The
programming languages Lua [23], Octave [24],
Matlab, C/C++, Python, and Java are also
supported. According to Rohmer et al. [25],
CoppeliaSim is utilised as a digital twin, for fast
algorithm development, factory automation
simulations, and rapid prototyping and
validation. Programmable Logic Controller
(PLC) is used to control production lines,
motors and robotic systems in smart factory
environments.

2.1. Physical Twin of Smart Marble Factory
In this study, we aim to build a digital twin of a
marble factory. For this purpose, we use a smart
marble factory scale model shown in Figure 1
in our Smart Factory Systems Application and
Research Center (AFSUAM) laboratory. In this
section, a brief information is given about the
working principle of our model. It consists of
two production lines and three workstations.
The first workstation of the smart factory
model, shown in Figure 2, will be used to create
its digital twin. The first workstation has
conveyors, ovens, temperature sensors, distance
sensors, direct current (DC) encoder motors,
PLC, relays, microprocessor (MPU) and robot
arms. In the first workstation, the slabs of
marble are placed on the production line with
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the help of a robot arm, manually filled with
epoxy process to close the cracks on the front
surface, mesh and epoxy processes are applied
again to the back surface for durability, and
drying processes are carried out to dry the
applied epoxy. In the rest of the article, the first
workstation of the smart factory scale model is
simply called a physical twin.

A . .
Figure 1. Smart factory scale model in AFSUAM
laboratory.

Starting Point -
Lift Conveyor

il o | . ———
Figure 2. The first workstation of smart factory
scale model: Locations of ovens and lift conveyors.

The electrical connection schematics of the
motors, drives, sensors, MPUs, PLC and central
data acquisition and control unit used in the
physical twin of the first workstation of the
smart factory model photographed in Figure 1
and Figure 2 is drawn in Figure 3. The 8 DC
motors were used for the 8 conveyors. For the
sensors, the 3 MAX6675 K-type thermocouples
and the 11 IMEI12-08NPSZCOS model
inductive proximity sensors were used, which
are efficient and offer high performance.
Arduino Uno was used as the MPU and Python
was preferred for programming language.
Mitsubishi FX5U PLC module with high input
output speed was used for data collection and
control operations. An API is required to ensure
communication between the simulation
program CoppeliaSim and the PLC system. For
this communication, the Python programming
language is used as the API between the
personal computer (PC) on which CoppeliaSim
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is run and the PLC where the smart factory
model is controlled. Therefore, a double-sided
control of the factory model is provided in the
virtual environment with real-time data.

PLC E* . ]
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ot [shes]

Oven 1
B L298N MOTOR DRIVER

l PROXIMITY SENSOR
K-TYPE THERMOCOUPLE

Figure 3. Electrical connection schematics of the
equipment in the smart factory scale model.

1

B moTOR
MPU

As shown in Figure 4, the connections of the
equipment used in the physical twin are as
follows. For the 24V supply voltage of the PLC,
the red (+) and blue (-) cables of the SMPS
(Switch Mode Power Supply) are connected to
the L (+) and N (-) pins of the PLC, respectively.
The DC encoder motors used for conveyors
have six cables (red, black, green, blue, yellow,
white). For the motor power, red (+) and black
(-) cables are connected to the outl and out2
inputs of the motor driver, respectively. The
yellow and white cables are for the encoder A
and B outputs of the motor, respectively, and
these outputs are connected to the digital inputs
of the PLC. The blue and green cables are for
the encoder supply and ground and are
connected to the 5V and ground pins of the
MPU, respectively. The enable, inl, and in2
pins of the motor driver are connected to the
MPU pins through the brown, green, and purple
cables, respectively. The MAX6675 K-type
thermocouple has five wires (black, red, yellow,
blue, green). The red and black cables are for
the 5V supply and ground connections of the
MPU, respectively. The yellow, blue, and green
cables are for 'sck’, ‘cs’ and ‘so’ connections of
the MPU, respectively. The temperature values
received from the MPU are converted to values
in the range of 0-255 in the MPU code, and
these values are applied as voltage to the analog
input (Built-in Analog Input) of the PLC. The
proximity sensor has three cables (black, blue,
brown). The connections of the proximity
sensor are as follows, brown (+) and blue (-)
cables are connected to the (+) and (-) poles of
the SMPS, respectively. The cable that transfers
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proximity sensor data is the black cable, and it
is connected to the digital input of the PLC.

Figure 4. Physical twin connections between
sensors, motors/drivers, MPU, PLC input and
outputs.

The Mitsubishi FX5U PLC is used to control all
subsystems in the physical twin and receive all
sensor data and is programmed with the ladder
method. As shown in Figure 4 and explained
above, the input and outputs of PLC are
connected to the sensors and motors/drivers
used in the physical twin. The physical twin has
a three degree-of-freedom robot arm at the
starting and ending points. In addition, there are
a total of twelve conveyors, six conveyors on
the upward line and four conveyors on the
downward line and excluding two lifting type
conveyors at the starting and ending points. Lift
type conveyors are conveyors that have the
ability to move up and down. The operation of
the conveyors is carried out by DC encoder
motors integrated into the conveyor. DC
encoders are electromechanical devices that,
when the motor shaft they are linked to moves,
generate digital electrical signals. There are
three ovens placed on the conveyors in the
upward line. These ovens (i.e., FRNHT-I,
FRNHT-2, FRNHT-3) are placed on the third,
fifth, and sixth conveyors, respectively. The
temperature sensors are integrated into the three
ovens. The proximity sensors used to detect the
marble slabs are integrated into each conveyor.

The operation of the lift conveyors and oven
lines of the physical twin is shown in the
working diagram given in Figure 5. In this flow
diagram, the decision-making process is carried
out by checking whether the proximity sensors
on the system detect the product or not.
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Lift conveyor in Lift conveyor in
up position down position

Figure 5. Flow diagram of lift conveyors and oven
lines in the first workstation of the smart factory
scale model.

The robot arm being at the starting point of the
first workstation places the marble block on
which the epoxy has been applied and which is
desired to be dried, onto the transport tray on the
first lift type conveyor. The lift type conveyor is
in the down position before the starting
moment. Proximity sensors connected to the
conveyor move to the up position after detecting
the marble placed on the transport tray on the
conveyor. Once the proximity sensors detect the
product, the motors start, and the conveyor
starts moving. When the transport tray leaves
the lift conveyor, it is detected by proximity
sensors and the conveyor is allowed to return to
its down position. When the transport tray
moving on the conveyor reaches the oven areas
on the third, fifth, and sixth conveyors,
respectively, the drying process is started thanks
to the proximity sensors. Drying processes take
place within the time and temperature specified
by the user. After the drying process is
completed, the marble comes out as a semi-
finished product. When the transport tray
reaches the lift conveyor at the end point, the
conveyor, which is normally in an up position,
comes to a down position as a result of the
proximity sensors detecting the semi-finished
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product. The semi-finished product on the tray
is taken with the help of a robot arm and placed
on smart transport wagons. After the semi-
finished product is picked by the robot arm, the
transport tray returns to its starting position via
the downward conveyors to place the new
product on it.

2.2. Digital Twin of the Physical Twin

In this section, a digital twin of the physical
factory model created in the real environment is
designed in the simulation (virtual)
environment for monitoring and double-sided
control. The digital twin of the smart factory is
realized using the CoppeliaSim simulation
software. All parts of the physical twin in the
real environment are drawn on Solidworks and
uploaded to CoppeliaSim in Unified Robotics
Description Format (URDF) and Standard
Triangle Language (STL) format. After the
designed drawings are loaded into the
simulation environment, the dimensions of the
materials used in the physical twin are applied
in the simulation environment and the design of
the real system is established by combining the
drawings. The length of the lift conveyors is 35
cm. The five of the upward conveyors is 35 cm
long, the remaining is 70 cm long. Six of the
downward conveyors are 70 cm long and the
remaining is 35 cm long. The width of all
conveyors is 26.3 cm. The ovens are 35 cm
deep, 25 cm long, and 17.8 cm wide. The
established simulation environment, as shown
in Figure 6, shows the locations of the
equipment (conveyors and ovens) used in the
system, where the physical twin is replicated on
the CoppeliaSim simulation software.

Starting Point -
Lift Conveyor

Endpoint -

Lift Conveyor

Figure 6. Simulation of the first workstation of the
smart factory scale model on CoppeliaSim.

After the installation in the simulation
environment, the necessary tools such as
sensors and conveyor movement providers are
integrated into the system with the help of
simulation tools in environment. The tools are
written in the Lua programming language, and
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they are ensured to work according to the
requirements in the physical twin.

3. COMMUNICATION BETWEEN THE
PHYSICAL AND DIGITAL TWIN

After the installation of the real system in the
simulation environment, bidirectional data flow
and control must be ensured between the real
and virtual systems in order to fully establish
digitalization [26]. Firstly, in order to enable
data flow between the real and virtual systems,
the PC on which the CoppeliaSim simulation
runs and the PLC that enables the real system to
operate must communicate. An API is written
using the Python language so that CoppeliaSim
can communicate with the PLC used in the
physical twin. Python is a useful programming
language that contains the necessary libraries of
PLC and CoppeliaSim simulation. As shown in
Figure 7, the PLC-PC communication and PC-
CoppeliaSim communication are carried out
using the necessary software and hardware.

3.1. PLC-PC Communication

Mitsubishi PLC uses GX-Works3 as the
program interface. In the PLC part of the
communication, the SeamLess Message
Protocol (SLMP) communication protocol is
used on GX-Works3. In the PC part of the
communication, the "HslCommunication"
library of the Python language is used. The
HslCommunication library is a library that
supports industrial communication protocols in
the Python programming language [27]. With
this method, PLC and PC communication is
provided on the software. In terms of hardware,
the Ethernet ports are used for maintaining
communication between the PLC and the PC.

3.2. PC—CoppeliaSim Communication
For the software-based communication between
the PC and CoppeliaSim, the "sim" library of
the Python language and the following
necessary communication codes are used with
sim.simxStart(.);

e connectionAddress
connectionPort
waitUntilConnected
doNotReconnectOnceDisconnected
timeOutInMs

e commThreadCycleInMs
In the CoppeliaSim, it is communicated with the
simRemoteApi.start(connectionPort) code.
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With this method, the PC and CoppeliaSim are
communicated.

PC-Python and PC-Python and FX5U
PLC Communication

\] Using SLMP Protocol

CoppeliaSim
Communication

A ]
i

CoppeliaSim ™ 1—

1

Figure 7. PLC-PC and PC—CoppeliaSim
communication diagrams.

Many of the fundamental functional
applications of industrial software
development, including Mitsubishi PLC
software, are integrated  with  the

HSLcommunication Library, an industrial IoT-
based computer communication architecture
implementation. An example part of the Python
code for PLC-PC and PC-CoppeliaSim
communication via the HslCommunication
plugin can be seen in Figure 8. In this code, first,

"sim" library is imported with

HslCommunication plugin and Arduino MPU is
connected to PC via the serial COMS port by
determining the IP address and baud rate. Then,
using the “MelsecMcNet” node of the
HslCommunication plugin, the motor velocity
data, temperature and proximity sensor values
are read from Arduino’s pins to send commands
to the client CoppeliaSim.

sim, serial, time
HslCommunication MelsecMcNet, SoftBasic
arduino = serial. ial(port='COM8", baudrate=9600, timeout=.1)

": melsecNet = MelsecMcNet("192.168.1.10", 4601)

clientID = sim.simxStart('127.0.6.1', 19999, , 500, 5)

and(command) : arduino.write(f"{command }".encode())

a=sim. simxGetFloatSignal(clientID, "velocity_datal”,sim.simx_opmode_oneshot)

send_command(a[11)

x1 = melsecNet.ReadInt32("Do")

x2 = melsecNet.ReadInt3

Ps_x@=melsecNet .ReadBoo’

Ps_x1=melsecNet .ReadBoo’

Ps_x2=melsecNet .ReadBoo’

Ps_x3=melsecNet .ReadBoo’
('Temperature 1,2,

printReadResult(x1)

printReadResult(x2)
('Proximity 0,1,2,3 :*

printReadResult2(Ps_x@)

printReadResult2(Ps_x1)

printReadResult2(Ps_x2)

printReadResult2(Ps_x3)

arduino.readline().decode('utf-8').stri

sim.simxSetStringSignal(clientID, "vel , str(line), sim.simx_opmode_blocking)

Fgure 8. A part of a long Python code with
HslCommunication library for PLC-PC and PC—
CoppeliaSim communication.

4. EXPERIMENTAL STUDIES AND
RESULTS
After the communication infrastructure

between physical and digital twin has been
completed, experimental studies are carried out
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for three different scenario examples to
demonstrate the operability of the system. The
scenarios performed are listed as follows:

e Controlling the physical twin through
the digital twin

e Controlling the digital twin through the
physical twin

e Providing simultaneous double-sided
control between the physical and the
digital twin

4.1. PLC-PC Communication

As an example for the first scenario, as seen in
Figure 9, when the proximity sensors used in the
digital twin detect the product placed by the
robot arm on the first workstation, the DC
encoder motors connected to the conveyors in
the physical twin are started and then the speed
values of the motor are recorded according to
the voltage change. The proximity sensors in
CoppeliaSim determine that the DC encoder
motor in the real system moves or does not
move, depending on whether it detects the
product or not.

Proximity
sensor

AP
= 0f1
=
0/1

@
g =5
Product is detected or not (0/1)

Motor in real system, works when
proximity sensor is 1 and stops
proximity sensor is 0.

Figure 9. The relationship between the proximity
sensors in the digital twin and the motors in the
physical twin.

4.2. Controlling the Digital Twin Through
the Physical Twin

As an example for the second scenario, as seen
in Figure 10, when the proximity sensors used
in the physical twin detect the product placed on
the lift conveyor with the help of the robot arm,
the “True” or “False” values are sent to the
digital twin and then the lift conveyors in the
simulation environment move or not move
according to the “True” or “False” wvalues,
respectively. As shown in Figure 11 and Figure
12, the proximity sensor in the real system
ensures that the lift conveyor in CoppeliaSim
moves or does not move, depending on whether
it detects the product or not.
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Conveyor is up/down

o according to TRUE or FALSE

TRUE/FALSE

TRUE/FALSE
CoppeliaSim ™

Product ra

Q

Product is detected or
not from active forward

side of sensor

Figure 10. The relationship between the proximity
sensors in the physical twin and the lift conveyors
in the digital twin.

* 0.0000 [V e
Proximity Sensar: [

s True

Figure 11. The lift conveyor in CoppeliaSim is
controlled with the proximity sensors in the real
system. In the “True” state, the lift conveyor moves

to the upward position.

False i /

Figure 12. The lift conveyor in CoppeliaSim is
controlled with the proximity sensors in the real
system. In the “False” state, the lift conveyor moves
to the downward position.

4.3. Double-Sided Control

Physical and the Digital Twin
The physical twin can be controlled via the
digital twin and the digital twin can also be
controlled via the physical twin, as shown in
Figure 13. As an example for the third scenario,
the example scenarios applied above are
implemented simultaneously in a single
scenario. In this scenario, the temperature data
obtained from the temperature sensors in the
oven lines, the speed data obtained from the DC
encoder motor connected to the conveyor, and
the data obtained from the proximity sensors
used to detect the positions of the marble slabs
received from the physical twin are transferred
to the CoppeliaSim interface, and the digital
twin is operated according to these real data.
The interface shown in Figure 14 is created

Between the
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using the "xml" language in CoppeliaSim. On
the other hand, the speed values of the motors
can be adjusted as desired via the digital twin,
and in this way the speeds of the real motors in
the physical twin can be controlled. Thus,
instant status monitoring and simultaneous
double-sided control of the physical and digital
twin is provided.

Physical Twin

Real smart faclory
model
Digital Twin
CoppeliaSim
smarl factory
model PLC
rcPyhonlle—p  SINE
% communicalion
Ethernel

Figure 13. Double-sided control block diagram.

, 2.4260

S > o Praximity Sensor:
. B ' True
Figure 14. Implementation of the digital twin in
CoppeliaSim with the real oven temperatures,
motor speeds and proximity sensors’ data coming
from the smart factory scale model.

4.4. DC Encoder Motor Data

Via the CoppeliaSim interface, the voltage
values in the range of 0-12 Volts are applied to
the DC encoder motor used in the physical twin,
and the speed data of the motor in radians per
second and the current data drawn by motor can
be plotted as shown in Figure 15.
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Figure 15. Speed change of the DC encoder motor
in rad/s and current drawn by the motor when the
voltage is applied in the range of 0-12V.

4.5. Oven Temperature Data

The real temperature values in the oven lines are
sent to the digital twin via the physical twin and
displayed on the CoppeliaSim interface. As
shown in Figure 16, the temperature values
recorded every second show the temperature
values in the laboratory environment of the
smart factory model.

Temperature of Ovens
T T T

[ OvENTTEMP
|==OVENZTEMP
29 OVENSTEMR

et o s
v . ;
v Woraanns v

23 v I I 1 L I L
6 8 9 10 1
Second

Figure 16. Recorded temperature data of three

ovens transferred from the physical twin to the
digital twin.

5. EVALUATION AND DISCUSSION
While most digital twin studies in the literature
[1-8] are carried out either by transferring data
from the virtual system to the physical system
only, as we did in the first experimental
scenario, or from the physical system to the
virtual system only, as we did in the second
experimental scenario, we can simultaneously
exchange data between the real and virtual
systems, as we have shown in the third
experimental scenario in this study. To
exemplify this, with the two studies we
conducted in the third experimental scenario,
we simultaneously transferred the motor
velocity data from the virtual system to the real
system and loaded the temperature data from
the real system to the virtual system.
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As seen in Figure 15, although the DC motor
draws a maximum current of 0.18A until 5V
voltage is applied, the rotation speed of the
motor shaft is Orad/s as seen from the encoder
data. When the voltage is applied to the motor
step by step from 5V to 12V, the current
consumed increases gradually from 0.14A to
0.28A and the rotation of the motor shaft
accelerates from Orad/s to O9rad/s in
approximately linear. According to the different
voltage values sent from the CoppeliaSim
interface, the movement of the real motor in the
physical  twin  could be observed
simultaneously. On the other hand, as seen in
Figure 16, the values of three different
temperature sensors were measured every
second between 23 and 30 centigrade degrees
for 11 seconds. The sensor data on the real
physical twin was sent to the CoppeliaSim
interface and temperature changes could be
observed simultaneously. Although it is stated
that double-sided data transfer between the
physical and digital twins is performed
simultaneously, there is a negligible time delay
of around a few milliseconds due to the Ethernet
communication between the PLC and the PC.

6. CONCLUSION

In this study, a synchronized digital twin of the
first workstation of the scale model of the smart
marble factory located in AFSUAM has been
created in the CoppeliaSim simulation software.
The communication of the digital twin with the
PLC of the smart factory model and the PC on
which the CoppeliaSim program is running has
been carried out using an API. In order to test
the overall system, three different scenarios
have been implemented on the system.
According to the results of these scenarios, the
control of the real system through the
simulation environment, the control of the
simulation environment over the real system,
and the control of both scenarios as a single
scenario were achieved simultaneously between
the virtual and the real system. We believe that
with this digital twin model and double-sided
simultaneous control method we have
developed, different system designs for the
smart factory model can be realized faster and
easier.
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The current study is restricted to a single marble
factory workstation model. There are several
obstacles to overcome before this digital twin
can fully capture the scope of the smart factory,
with its numerous interconnected workstations
and intricate manufacturing procedures. More
research is needed to create a digital twin model
that fully captures the smart factory because of
problems including growing data volumes,
network congestion, and processing power
demands. In-depth testing to assess the
scalability and performance of the digital twin
across the board in the smart marble plant can
be carried out by addressing more
comprehensive scalability testing. This means
that further research can be done in the future
that calls for the system to manage bigger data
amounts, more devices, and more intricate
physical interactions. In addition, in the smart
factory model, it will be possible to detect and
immediately  intervene in  production
malfunctions that may occur in the future, as
well as to monitor the real-time status of the real
system and perform product performance
analysis.
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